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Theory of Acoustic Emission
Abstract
A theory of acoustic emission is presented based on a Green's function type of formalism. Sources are
represented by stress drop tensors and conditions derived from which the source can be considered small in
terms of wavelength and distance to the transducer. These "pseudopoint" sources are examined over a
restricted frequency bandwidth, called the "informative bandwidth". Such a bandlimited system may be
des~ribed by a transfer function matrix type of formalism, facilitating the analysis and reducing the inverse
probelm--where the source is not known a priori--to a deconvolution operation. Due to the tensor nature of
the source, multiple transducer measurements (generally six) are necessary to reconstruct the source stress
drop. The difficulty of using spectral techniques for data analysis in the presence of multiple sources is
discussed. In addition, the strong directionality of the signal with respect to source type and orientation is
illustrated by calculating the acoustic emission signals generated by loop expansion of slip and climb
(prismatic collapse) type dislocations.
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THEORY OF ACOUSTIC EMISSION 
John A. Simmons and Roger B. Clough 
Metallurgy Division 
National Bureau of Standards 
Washington, D.C. 20234 
ABSTRACT 
A theory of acoustic emission is presented based on a Green's function type of formalism. Sources 
are represented by stress drop tensors and conditions derived from which the source can be considered 
small in terms of wavelength and distance to the transducer. These "pseudopoint" sources are examined 
over a restricted frequency bandwidth, called the "informative bandwidth". Such a bandlimited system 
may be des~ribed by a transfer function matrix type of formalism, facilitating the analysis and reducing 
the inverse probelm--where the source is not known a priori--to a deconvolution operation. Due to the 
tensor nature of the source, multiple transducer measurements (generally six) are necessary to reconstruct 
the source stress drop. The difficulty of using spectral techniques for data analysis in the presence of 
multiple sources is discussed. In addition, the strong directionality of the signal with respect to 
source type and orientation is illustrated by calculating the acoustic emission signals generated by loop 
expansion of slip and climb (prismatic collapse) type dislocations. 
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SUMMARY DISCUSSION 
Unidentified Speaker: John, I have a question from the perspective of one who is familiar with a big 
class of practical acoustic emission problems. What, if any, fundamental research do you think 
would be most likely to be useful? What kind of questions would you like to have answers to? 
John Simmons {NSF): The first thing we need to know: What are the characteristics of the acoustic 
emission business so we can discriminate it from the nice patterns you have mentioned. We also 
need data coming from broadband transducers. We intend, as part of this program, to evaluate 
the current state-of-the-art, define such a fiberoptic transducers, find out which is more 
feasible in moving from a laboratory environment into a field environment, and using them to 
obtain broadband data, as well as regular PZT transducers in the study. 
Unidentified Speaker: Can you show the (inaudible) 
John Simmons: It is a linear least squares polynominal. 
Unidentified Speaker: The two X, (inaudible) 
John Simmons: It's just the value of this polynominal. You obtain certain features from your test 
data, and you assign a weight to each feature. And then you just take the sum of all those 
weights until you get a number. That's what they-axis is. 
Unidentified Speaker: What are the (inaudible) 
John Simmons: In this particular study: There were five features. In the time domain, you were 
looking at the odd correlation at laq 13 You were looking at the mean of the wave form, the 
standard deviation of the waveform, and the time domain. Also, you were looking at the total 
power and 'the frequency domain. 
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